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REMARKS 

Claims 4-8, 10-13, and 16-20 are pending in the above-identified application. With the 
present submission, claims 4, 6, 7, 13, and 16 are amended. No claims are newly added or newly 
canceled. 

The drawings stand objected to under 37 C.F.R. § 1.83(a). Regarding this objection, 
applicants remark as follows: 

The Office Action refers to the battery unit installation section and the device main body 
side. However, as shown above, the claims no longer recite these elements, so 37 C.F.R. § 
1 .83(a) does require that they appear in the drawings. 

The Office Action also refers to the display and to the alarm. As also shown above, Fig. 
21 is added, and this figure show both a display and an alarm. Support for the new drawing can 
be found in the originally-filed application, for example, in original claim 13 ("... said controller 
has means for displaying . . . and/or giving an alarm . . ."), so no new matter is added. 

In view of these remarks and the addition of the new drawing, applicants now solicit the 
withdrawal of the objection under 37 C.F.R. § 1.83(a). 

The specification stands objected to as failing to provide proper antecedent basis for the 
claimed subject matter. Regarding this objection, applicants remark as follows: 

With respect to the reference in the Office Action to the battery unit installation section 
and to the device main body side, as noted above, the claims no longer recite these elements. 

The Office Action also indicates that the predetermined remaining capacity does not have 
proper antecedent basis. Applicants respond that the original specification, for example, on page 
14, line 4, specifically discusses this subject matter. One skilled in the art would certainly 
understand the meaning of "predetermined remaining capacity" in the context of the charge in a 
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battery. No further explanation should be necessary. Applicants note the reference in the Office 
Action to 37 C.F.R. § 1 .75(d)(1) and to MPEP § 608.01(o), but this says nothing about "narrating 
the claims in the specification," so applicants respectfully submit that the Office Action does not 
explain how the "predetermined remaining capacity" does not have proper antecedent basis and 
therefore could be unclear to one skilled in the art. 

In view of these remarks and the amendments, applicants now solicit the withdrawal of 
the objection to the specification. 

Claims 4-20 stand rejected under 35 U.S.C. § 112, second paragraph, as indefinite. 
Because claims 9, 14, and 15 are canceled, applicants understand that the listing of those claims 
must have been inadvertent. Regarding claims 4-20, applicants remark as follows: 

With respect to claim 4, the Office Action discusses, using the label "a)", how the 
specification describes the charger; however, a claim cannot become indefinite just because the 
specification describes the functions of the charger. Regarding the statement labeled "b)" 
discussing claim 1, applicants respond that claim 1 is canceled, so any recitations therein are 
irrelevant. 

Regarding claim 5, the Office Action states that each charger would have to communicate 
with "means/memories" in the batteries. However, regardless of whether that statement is true, it 
does not mean that the cited recitation is indefinite. Also, the Office Action states that the 
"charge order" is not specified, but 35 U.S.C. § 1 12, second paragraph, does not require that the 
claim specify the charge order. The specification explains, for example, on page 47, in lines 11- 
19, different orders for charging the battery unit, and applicants are permitted to recite a claim 
term that is broad enough to cover multiple disclosed orders. 
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Regarding claim 7, as shown above, the claim no longer recites a "device main body 
side," so there is no longer an issue of a device main body being defined. Also, as noted above, 
claim 1 is canceled, so it not longer matters what claim 1 recited. 

Regarding the statement in the Office Action discussing claim 13, applicants respond that 
the meaning "and/or" would be sufficiently clear to one skilled in the art in light of the 
specification, so the recitation does not make the claim indefinite. However, to expedite 
prosecution, applicants reword the claim to describe the invention differently. 

Regarding claim 16, applicants have amended the claim to render moot the issues raised 
in the Office Action. Applicants note also that the controller controls the action of the whole 
device, as stated specifically in the specification, page 18, line 18. 

The Office Action states that claims "l"-8, 10-13, and 16-19 stand rejected under 35 
U.S.C. § 103(a) as obvious over Sakai et al (U.S. Patent No. 5,969,624) in view of European 
Patent Application 0 665 628 A3 (EPA '628). Because claims 1-3 are canceled, applicants 
understand that the listing of those claims must have been inadvertent. Regarding claims 4-8, 
10-13, and 16-19, applicants respectfully traverse this rejection as improper. 

Base claim 4 describes an electric device that has a plurality of battery units, and each 
battery unit has a storage battery pack with a "memory" for storing information about charge and 
discharge states. The electric device also has a charger that includes "means for reading" this 
information and "means for writing" information into the memory. Claims 5-8 and 10-13 
depend from claim 4, so, by virtue of their dependency, they describe an electric device that has 
these elements, also. 

Base 16 describes a method for charging and discharging a battery unit in an electric 
device, and the claim specifies that the electric device has a plurality of battery units that each 
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have a storage battery pack with a "memory," and the claimed method includes the steps of"... 
referring to the information stored in said memories" and "writing into said memory" the 
information. Claims 17-19 depend from claim 16, so, by virtue of their dependency, they 
describe a method with these features, also. 

Sakai et al do not disclose an electric device in which the battery unit has a "memory" as 
claimed, and Sakai et al also do not disclose reading the information in the "memory" or writing 
information into the "memory." (Note also the Office Action, page 4, regarding the claimed 
features that are absent from Sakai et al) The obviousness rejection relies on EPA '628 to 
suggest modifying the Sakai et al device to include these claimed features. 

However, under MPEP § 2143, to establish a prima facie case of obviousness, there must 
be some suggestion or motivation to combine the cited teachings, and applicants respectfully 
submit that the Office Action does not provide a proper reason of why the relied-upon 
combination of teachings would have been obvious. Instead, the Office Action summarizes the 
information provided in the EPA '628 Abstract and then implies that it would have been obvious 
to replace the Sakai et al batteries 2A-2D with the battery system disclosed in EPA '628. The 
reason that the Office Action provides is that there would be "less of a chance for individual 
monitoring errors" (Office Action, page 5, top). 

However, the Office Action does not explain why Sakai et al , with the modifications, 
would have had any less of a chance for monitoring errors than when Sakai et al remains 
unmodified. Sakai et al already disclose a device with an electronic control unit 8, and 
applicants find no reason provided in the Office Action of why the substitution of batteries 2A- 
2D with the EPA '628 battery system would have caused the Sakai et al device to function with 
fewer monitoring errors. Accordingly, the rejection has not been properly justified. 
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For at least this reason, 1 applicants now solicit the withdrawal of the obviousness 
rejection of claims 4-8, 10-13, and 16-19. 

Claims 13 and 20 also stand rejected under 35 U.S.C. § 103(a) as obvious over Sakai et al 
and EPA '628 and further in view of additional prior art. Applicants respectfully traverse these 
rejections. 

The rejections of claims 13 and 20 rely on Sakai et al and EPA '628 to render obvious 
the features recited in the respective base claims 4 and 16. However, as explained above, Sakai 
et al. and EPA '628 do not render claims 4 and 16 obvious. 

Applicants of course acknowledge that the rejections also rely on additional prior art. 
However, the additional prior art is not relied upon to suggest the claim elements referenced 
above (the features recited in the base claims 4 and 16). 

Thus, for at least the reason of their dependencies, the applied prior art cannot render 
obvious claims 13 and 20. Accordingly, applicants solicit the withdrawal of the obviousness 
rejections of those claims. 

In view of the remarks above, applicants now submit that the application is in condition 
for allowance. Accordingly, a Notice of Allowability is hereby requested. If for any reason it is 
felt that this application is not now in condition for allowance, the Examiner is invited to contact 
applicants' undersigned attorney at the telephone number indicated below to arrange for 
disposition of this case. 



1 Applicants add that Sakai et al. do not teach or suggest each battery unit constituted by pairing a storage battery 
pack with a memory for storing at least information about charge and discharge states of the storage battery pack, 
means for reading information stored in the memory of each battery unit and the information of the batteries, and 
means for writing the information of the batteries in the memory. Also, EPA '628 does not suggest these features. 
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In the event that this paper is not timely filed, applicants petition for an appropriate 
extension of time. The fees for such an extension, or any other fees which may be due, may be 
charged to Deposit Account No. 50-2866. 



Respectfully submitted, 
WESTERMAN, HATTORI, DANIELS & ADRIAN, LLP 



Arty. Docket No. 020073 

1250 Connecticut Avenue, N.W., Suite 700 

Washington, DC 20036 

Tel: (202)822-1100 

Fax: (202) 822-1111 
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ELECTRIC DEVICE AND APPARATUS FOR CHARGING BATTERY 
UNIT^ AND- METHOD FOR CIIAROING AND D I S CHARGB^G- 

5 Of -rue sf\ M£ 

TECHNICAL FIELD 

The invention relates to an electric device such as an electric vehicle 
of an electric bicycle, an electric wheelchair, or the like using electric energy 
by a battery as a power supply, an apparatus for charging a battery unit 
10 thereof, and a method for charging and discharging the battery unit. 

BACKGROUND TECHNOLOGY 

There is an electric vehicle such as an electric bicycle or an electric 
wheelchair on which a storage battery pack composed of a plurality of storage 

15 batteries is mounted as a power supply. The vehicles of this type include 
one running only on a driving force of a motor driven by electric energy 
(electric power) from the mounted storage battery pack, one running on the 
resultant force of a driving force of a motor and human power, one selectively 
using a driving force of a gasoline engine and a driving force of a motor, and 

20 the like. 

The storage battery mounted on these vehicles as a power supply 

needs to be frequently charged, and there are methods for charging it, that is, 

• . , . . r ^ e totrcrv 

a simplex charging method of charging jit) detached frofn the vehicle and a 

mounted-on- vehicle charging method of charging^mounted oJa vehicle. 

25 For example, a storage battery of a large capacity with a heavy weight, 

as compared to the weight of a vehicle main body, may need to be mounted 

on an electric device such as an electric vehicle. In this case, it is difficult to 
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detach and cany the storage battery by han^ because of the heavy weight 
thereof. For this reason, (a method is taken for charge by providing! the 
vehicle fcs Jan electnc dev^ with a charging apparateandjmoving i| near a 
commercial power supply. Meanwhile, in the case of a storage battery 
5 mounted on the vehicle with a relatively light weight, g^e°thod^ay be taken 
for charge b^ detaching the storage battery from the vehicle and connecting it 
to a charging apparatus which is separatelj{place|r' P> ^ ,Y ' 0;9f6 ' 

A conventional electric device using a storage battery pack as the 
storage battery and a method for charging the storage battery pack are 
10 explained here using FIG. 15 to FIG. 20. 

FIG. 15 to FIG. 17 show examples of an electric device on which a 
battery section and a charging apparatus therefor are fixedly mounted. Each 
of electric devices 200, 210 and 220 is composed of a charging apparatus 201, 
a battery section 202, a controlling apparatus 203, and a driving apparatus 204, 
15 which are connected in parallel, and a motor 2^ which is driven by the 
driving apparatus to drive a running section such as wheels. 

In each of these electric devices, electric powerjby discharg^fromjthej 
battery section 202 is supplied to the driving apparatus 204 to drive the motor 
205j whose motive power drives the running sectionjSuch as wheels. The 
20 controlling apparatus 203 controls action of the driving apparatus 204. 

The electric device 200 shown in FIG. 15, on which a set of storage 
battery pack 202a composed of, for example, a lead storage battery is 
mounted as the battery section 202, is often used for an electric wheelchair, an 
electric scooter^or the like. The weight of the battery section 202 in the case 
25 of the storage battery pack 202a composed of the lead storage battery is as 
heavy as about 30 kg to 60 kg. 

On the electric device 210 shown in FIG. 16, plural sets of storage 
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battery packs 202a are mounted as the battery section 202, which can be 
constituted by connecting in parallel m rows of storage battery packs 202aj 
each of which is constituted by connecting n single storage batteries in series. 
The electric device 220 shown in FIG. 17 has thereon a plurality of (m 
5 pieces) storage battery pack units 202b connected in parallel as the battery 
section 202, in which each storage battery pack unit 202b is constituted by 
connecting n single storage batteries in series. 

These electric devices 210 and 220 are heavily used for an electric 
vehicle operated for a long time, an electric device for moving an object 
10 having a large weight, an electric fork lift or an electric carrier vehicle 
requiring a large capacity or a power supply of bulk power. These devices 
often have a battery section 202 having a weight of more than about 60 kg. 

Since each of the electric devices 200, 210 and 220 has thereon the 
battery section 202 and the charging apparatus 201 for charging it, charges 
15 performed for the storage battery pack or packs 202a or the storage battery 
pack units 202b of the battery section 202 by moving or transporting the 
electric device together with the vehicle near a commercial power supply 100, 
connecting the commercial power supply 100 to the charging apparatus 201, 
and supplying a charging current to the battery section 202 by the charging 
20 apparatus 201. Alternatively, the battery section 202 can be detached from 
the vehicle and charged by a special apparatus. 

It should be noted that in the electric devices 210 and 220 shown in 
FIG. 16 and FIG. 17, it is also possible to^performjcharge and discharge jfoi^ a 
plurality of storage battery packs 202a or storage battery pack units 202tyas a 
25 unit, each constituting the battery section 202. 

■ On the other hand, electric devices 300, 310 and 320 shown in FIGs. 
18(A), 19(A) and 20(A) have no charging apparatuses thereon, and charging 
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apparatuses 301 respectively shown in FIGs. 18(B), 19(B) and 20(B) are 
providedjatj a garage onfrest area. Each battery section 302 in FIG. 1 8, FIG. 
19 or FIG. 20 is composed of storage battery packs 302a or storage battery 
pack units 302b, as in the battery section 202 in FIG. 15, FIG. 16 or FIG. 17, 
5 but is a unit attachable/detachable to/from the main body of the electric device 
300, 310 or 320 and provided with connectors 306a and 306b for establishing 
electrical connection to the main body. The other structures are the same as 
in the electric devices shown in FIG. 15 to FIG. 17 

When charg^f is performed for the battery section 302 detachably 
10 mounted on the electric device 300, 310 or 320, the charg# is performed by 
detaching the battery section 302 from the device main body and moving and 
installing it in the charging apparatus 301^ which is separately placed and 
connected to the commercial power supply 100, as shown in FIG. 18(B), FIG. 
19(B) or FIG. 20(B). 

15 As the storage battery packs 302a or the storage battery pack units 

302b of the battery section 302, for example, a nickel-cadmium (Ni-Cd) 
battery having a relatively light weight of about 1.8 kg to 3.5 kg is used and 
mounted on an electrically assisted bicycle or the like. 

a 

When^ not-so-large battery capacity and supply power of the battery 
20 section are require^ as in the electrically assisted bicycle, the battery section 
is of a weight easily portable by human power, and thus it is easy to detach 
the battery section from the vehiclejand charge ^° f c ^ ar 

However, the battery section of a typical electric device [has anT"* 
mconvenien^jthat sincejit has a considerably heavy weighty chargd should 6e T V W 3 
25 performed by moving the electric device (vehicle) itself to a place having a 

chargeable power supply such as the commercial power supply or the like, or by 
transporting the battery section [by somej transporter to a place where a 
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charging apparatus is provided, a 

Further, since only one (one set of) battery section 202 or 302 is 
mounted on the above-described electric device, when the battery section 
becomes unusable because the storage state of its storage battery packs(comc^ " 
5 below a predetermined specified value (which is decided in accordance with 
specifications of the battery, requirements for the electric device, and the like), 
the electric device itself becomes unusable^ even if the controlling apparatus, 
the driving apparatus, and the like^ except the battery section, are usable. 
Thus, if the battery section is detachable, the. battery section which becomes 
10 unusable should be exchanged for another battery section (to us^ the electric 

device. Worry o^*^ 

Alternatively, it is necessary to charge the battery section^ which has 
become unusable because the storage state of its storage battery packfcomeliV^ 
below the specified value. In this case, there isjanotherjproblem that it takes 
15 a long time to charge the battery section enough to make the electric device 
usable^unless a charging apparatus having a capacity large enough is used. 

Furthermore, as for the battery section, when the battery section is 
constituted by connecting in parallel a plurality of storage battery packs or 
storage battery pack units as in the above-described electric device shown in 
20 FIG. 16 and FIG. 17 or FIG. 19 and FIG. 20, it is[required|to limitvariation in 
-Charge amount to within an allowable range or to provide means for 
controlling it so as not to Jproducg The variation among the storage battery 
packs or the storage battery pack units. 

Especially when a nickel-cadmium (Ni-Cd) battery, a nickel metal 
25 hydride (Ni-MH) battery, or the like is used for the battery section, a so-called 
memory effect occur^ttiat the capacity of the battery decreases due to the use 
of the battery while charg# and discharge are repeated with the discharge 
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depth being shallow, and thus means for preventing jitjfs necessary. 

Further, when regenerative electric power from a load side such as a 
motor or the likens recoveredjtojthe battery section, charg^f often becomes 
impossibly depending on the state of the battery sectioyor the degree of 
5 discharge, which prevents the regenerative electric power from being stored 
efficiently. 

Therefore, a method of supplying power for an electric vehicle and an 
apparatus therefor are proposed which are configured such that storage battery 
packs each having a required capacity are mounted in a divided form in 

10 accordance with characteristics of an electric vehicle, and the storage battery 
packs are made connectable in series or in parallel to be charged or 
discharged singly or in combination as required, thereby improving the 
radiation property of heat from the storage battery packs during jthejcharge 
and discharge to reduce £ cause ofjSeterioration £ue t^eatfo as4o prolong 

15 storage battery pack life, and further the remaining capacities and the charge 
states of the storage battery packs can be recognized easily (See JP, 9-298805, 
A) 

In this electric vehicle, the storage battery packs are connected in 
parallel to ^ischarg^ a large current when its load is large at the time of 

20 starting, accelerating, or the like, and a single or a plurality of the storage 
battery packs as required discharge a small current when its load becomes 
smaller at the time of traveling at a constant speed after the start, or the like. 

The plurality of the storage battery packs are mounted and fixed on 
the vehicle in a manner not to contact each other. 

25 Further, the management of the storage battery packs in this electric 

vehicle is conducted based on the use of the storage battery packs in a fully 
charged state and by a method of discharging one of the plurality of the 



storage battery packs and, after thelcapacity ofjthe storage battery packlruns 
outj, discharging the next storage battery pack. 

As described above, this electric vehicle is configured such that the 
plurality of the storage battery packs discharge on a one-set basis and the 
remaining capacities of the remaining storage battery packs can be displayed 
when the above discharge ends, to enable easy recognition of the remaining 
capacities of the storage battery packs in the whole device. 

In the case of charging the storage battery packs, control of the device 
is conducted so that the charge is performed in a reverse order to that of the 
discharge. In other words, charge needs to be performed to be a full charge 
without fail. 

However, since the plurality of the storage battery packs connected in 
parallel discharge respectively when a large current discharge is required 
because of a large load at the time of starting, accelerating, or the like, and a 
single or a plurality of the storage battery packs as required discharge a small 
current at the time of a light load such as at traveling at a constant speed, it is 
difficult to appropriately manage the remaining capacities of the storage 
battery packs, which presents jaj problem that it is impossible to conduct 
control for the most efficient charge and discharge. 

Especially when using the storage battery packs in which a so-called 
memory effect occurs that the capacity of the battery decreases due to the use 
of it while charge and discharge are repeated with the discharge depth being 
shallow, it is desirable to conduct an optimal charge and discharge control for 
individual storage battery packs to prevent the memory effect, but suchjaj 
control is difficult. 

Further, when the storage battery packs^ which have ended discharge 
to the specified remaining capacities^ are detached from the vehicle and 
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charged by a charging apparatus at another place, it is impossible to check the ' 
charge and discharge states thereof with the storage battery packs detached 
and then conduct an optimal control because of the batteries being under ja^) 
standardized sequential management. 
5 It is an object of the invention to solve the above-described problems 

in the conventional electric device and to enable an appropriate management 
and an efficient use, all the time, of a battery section provided with storage 
battery packs. More specifically, matters listed in the following are its 
objects. 

10 (1) To facilitate detachment and carrying of the battery section by 

handj^to eliminate the need to move the electric device at the time of charging 
and to eliminate the need for a special carrier for transporting the battery 
section. 

(2) To improve usage of the battery section in the electric device for 
15 ease of use. 

(3) To make it possible to perform operation and charge of the electric 
device in parallel without need for a special charging apparatus. 

(4) To make it possible to manage battery characteristics of the battery 
section and freely select charge and discharge in accordance with the battery 

20 characteristics. 

(5) To prevent a so-called memory effect when a secondary battery 
(storage battery) such as a Ni-Cd batterym which the memory effect occurs is 
used as the battery section of the electric device and to eliminate the need for 
refresh thereof. 

25 (6) To improve detection accuracy of charge and discharge states of 

the individual storage battery packs in the plurality of the battery sections. 
(7) To prolong storage battery pack life. 
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(8) To make it possible to use even different types of storage battery 
packs in combination. 

(9) To facilitate charge by placing the charging apparatus at a battery 
station and to make it possible to recognize the charge and discharge states of 

5 the battery section at a high accuracyjeven when it is detached from the electric 
device so as to enable an optimal charge control. 

Further, to recover the regenerative electric power from a load side such 
as a motor or the like to the battery section so as to utilize it efficiently. 

10 DISCLOSURE OF THE INVENTION 

To achieve the above-described objects, the invention provides an 

electric device and a charging apparatus for charging a battery unit thereof, and 

a method for charging and discharging the battery unit as follows. 

The electric device according to the invention comprises: a plurality of 

15 battery units detachably mounted thereon, each battery unit constituted by 

pairing a storage battery pack with a memory for storing at least information 

about charge and discharge states of the storage battery pack; and connectors 

provided on each battery unit and a battery unit installation section on a device 

main body side, for performing electrical connection/disconnection to/from the 

20 device main body side incident to attachment/detachment of the battery unit. 

Additionally, a driver for driving a load, a charger for charging the 

storage battery pack by referring to the information stored in the memory of 

each mounted battery unit, and a controller for controlling supply of electric 

f\ 

power from each battery unit to the driver by referring to the information stored 
25 in the memory of each mounted battery unit, which are provided on the device 
main body side, and the charger includes means for reading at least the 
information about charge and discharge states of the storage battery pack stored 
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^information about charge and discharge states of the storage battery pack stored^ 
in the memory of each battery unit, and means for writing into the memory at 
least the information about charge and discharge states of the storage battery 
pack in the same unit. 
5 Here, the storage battery pack includes various types of secondary 

batteries such as a nickel-cadmium battery and a nickel metal hydride battery. 
The memory is a nonvolatile memory such as an EEPROM, a flush ROM, a 
RAM backed up by a battery, or the like, into which various kinds of 
information|s]written which include^at least the information about charge and 
10 discharge states of the storage battery pack by the charger or the controller 
provided in the battery unit or on the electric device main body side. In 
addition, the information of the type and characteristics of the storage battery 
pack can also be written into them in advance. 

As for this battery unit, the charge and discharge states of the storage 
15 battery pack included therein can be recognized precisely by referring to the 
information stored in its memor^even when it is mounted on the electric device 
or it is detached therefrom to be in a single state, and thus an appropriate charge 
and discharge control can be conducted all the time. 

The electric device may comprise: a plurality of battery units detachably 
20 mounted thereon, each battery unit constituted by integrating a storage battery 
pack, a memory for storing at least information about charge and discharge 
states of the storage battery pack, and a charger for charging the storage battery 
pack; connectors provided on each battery unit and a battery unit installation 
section on a device main body side, for performing electrical 
25 connection/disconnection to/from the device main body side incident to 
attachment/detachment of the battery unit; and a driver for driving a load and 
a controller for controlling supply of electric power from each battery unit to the 
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driver by referring to the information stored in the memory of each mounted 
battery unit, which are provided on the device main body side. 

In this case, the charger of each battery unit has means for deciding a 
charge order by mutually referring to the information stored in the memory of 
5 each mounted battery unit. 

Further the electric device may comprise: a plurality of battery units 
detachably mounted thereon, each battery unit constituted by pairing a storage 
battery pack with a memory for storing at least information about charge and 
discharge states of the storage battery pack, and provided with a switch 

10 connected to the storage battery pack in series; connectors provided on each 
battery unit and a battery unit installation section on a device main body side, 
for performing electrical connection/disconnection to/from the device main 
body side incident to attachment/detachment of the battery unit; and a driver for 
driving a load, a charger for charging the storage battery pack through the 

1 5 switch by referring to the information stored in the memory of each mounted 
battery unit, and a controller for controlling supply of electric power from the 
storage battery pack to the driver through the switch of the battery unit by 
referring to the information stored in the memory of each mounted battery unit, 
which are provided on the device main body side, and the charger may include 

20 means for reading at least the information about charge and discharge states of 
the storage battery pack stored in the memory of each battery unit, and means 
for writing into the memory at least the information about charge and discharge 
states of the storage battery pack in the same unit. 

With these electric devices, a plurality of battery units can be 

25 
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detachably mounted thereon, and one or more battery units suitable for 
discharge can be selected based on the information about charge and discharge 
states of the storage battery packs stored in the memories provided in the battery 
units to allow them to discharge so as to supply electric power to the driving 
5 section. 

Also in the case of charging the storage battery packs of the battery 
units, the charge can be selectively performed, while an optimal control is being 
conducted, for a single or a plurality of battery units by the charging apparatus 
provided on the device main body side, the charging apparatus provided in each 
1 0 battery unit, or the charging apparatus provided at a charger station based on the 
information about charge and discharge states of the storage battery packs stored 
in the storage apparatus in the battery units. 

In these electric devices, the charger which is provided separately from 
the aforementioned battery unit can also be structured to be a unit 
1 5 attachable/detachable to/from the electric device main body, so that the charger 
(charger unit) can be detached, together with one or more battery units, from the 
electric device to charge the storage battery packs of the battery units. 

Furthermore, it is desirable that the controller has means for reading the 
information about charge and discharge states of the storage battery pack stored 
20 in the memory of each battery unit and holding it therein, and means for 
controlling action of the whole device based on the information stored in 



13 SUBSTITUTE SHEET 



the former means. 

Moreover, it is possible that the memory of each battery unit also stores 
information about characteristics of the storage battery pack, and the charger has 
means for controlling charge of the storage battery pack, by referring to the 
5 information about the characteristics of the storage battery pack stored in the 
memory of each battery unit, in accordance with the characteristics. 

Further, it is suitable that the controller has means for controlling 
discharge from the storage battery pack, by referring to the information about 
the characteristics of the storage battery pack stored in the memory of each 
1 0 battery unit, in accordance with the characteristics. 

Further, in these electric devices, the controller desirably has means for 
displaying a remaining capacity of the storage battery pack of each battery unit 
based on the information stored in each battery unit, and displaying a charge 
request and/or giving an alarm when a storage battery pack needing to be 
15 charged exists. 
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A method for charging and discharging the battery unit in the electric 
device according to the invention comprises the steps of discharging in order the 
storage battery packs of the battery units mounted on the electric device to a 
predetermined remaining capacity and then charging them, by referring to the 
5 information stored in the memories respectively. 

Alternatively, it is preferable to discharge the storage battery packs of 
the battery units mounted on the electric device in decreasing order of remaining 
capacity, and to charge them in increasing order of remaining capacity, by 
referring to the information stored in the memories respectively. 
0 Further, it is also preferable to discharge the storage battery packs of the 

battery units mounted on the electric device in increasing order of remaining 
capacity, and to charge them when the remaining capacities become a 
predetermined value or less, by referring to the information stored in the 
memories respectively. 

f toiler vore, Jf }( fiU fr*<ftrjaf* T> *4*t 0/ic 0/1 
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mounted on the electric device and discharge storage battery packs thereof, 
and to select remaining one or more battery units and charge storage battery 
packs thereof, by referring to the information stored in the memories 
respectively. 

5 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block circuit diagram of an electric device showing a first 
embodiment of the invention on which battery units are mounted; 

FIG. 2 is a block circuit diagram of an electric device showing a 
1 0 second embodiment of the invention on which battery units are mounted; 

FIG. 3 is a block circuit diagram of an electric device showing a third 
embodiment of the invention on which battery units are mounted; 

FIG. 4 is a diagram showing a connecting state where charge is 
performed with a charger unit and a plurality of the battery units detached 
1 5 from the electric device shown in FIG. 1 ; 

FIG. 5 is a diagram where charge is performed with one battery unit 
detached from the electric device shown in FIG. 2; 

FIG. 6 is a diagram showing a connecting state where charge is 
performed with a charger unit and a plurality of the battery units detached 
20 from the electric device shown in FIG. 3 ; 

FIG. 7 is a flowchart showing a charge action for the battery units by a 
charger in the electric device shown in FIG. 1; 

FIG. 8 is a subsequent flowchart of the same; 

FIG. 9 is a flowchart showing an action by a controlling apparatus 
25 during operation of the electric device shown in FIG. 1 ; 

FIG. 10 is a subsequent flowchart of the same; 

FIG. 11 is a flowchart showing an individual charge action by the 
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charger of pach battery unit in the electric device shown in FIG. 2; 

FIG. 12 is a flowchart showing an action where the chargers in the 

battery units in the electric device shown in FIG. 2 send/receive information 

each other to sequentially charge storage battery packs; 
5 FIG. 13 is a flowchart showing an action where the chargers in the 

battery units in the electric device shown in FIG. 2 send/receive information 
."^each other to charge the storage battery packs while controlling charging 

power; 

FIG. 14 is a subsequent flowchart of the same; 
10 FIG. 15 is a block diagram showing an example of a conventional 

electric device on which a storage battery pack and a charging apparatus 
therefor are mounted; 

FIG. 16 is a block diagram showing another example of a 
conventional electric device on which storage battery packs and a charging 
15 apparatus therefor are mounted; 

FIG. 17 is a block diagram showing still another example of a 
conventional electric device on which storage battery packs and a charging 
apparatus therefor are mounted; 

FIGs. 18(A) and 18(B) are block diagrams showing an example of a 
20 charge state of the storage' battery pack by a charging apparatus which is 
provided separately from the conventional electric device on which the 
storage battery pack is mounted; 

FIGs. 19(A) and 19(B) are block diagrams showing another example 
of a charge state of the storage battery packs by a charging apparatus which is 
25 provided separately from the conventional electric device on which the 
storage battery packs are mounted; ^ndj 

FIGs. 20(A) and 20(B) are block diagrams showing still another 
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example of a charge state of the storage- battery packs by a charging apparatus 
which is provided separately from the conventional electric device on which 
the storage battery packs are mounted/ ; On(ji ' 

5 BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, preferred embodiments of the invention will be described 
with reference to the drawings. 

An electric device having a battery unit mounted thereon, an apparatus 
for charging the battery unit, and a method for charging and discharging the 
10 battery unit in the electric device according to the invention are explained in 
roughly divided three embodiments in order, in each of which the electric 
device including the above categories is mainly explained. 

It should be noted that basically the electric device according to the 
invention is detachably equipped with a battery unit, in which a storage 
15 battery pack is always paired for integration with a memory for storing at 
least information about charge and discharge states of the storage battery pack 
(preferably including information about characteristic of the storage battery 
pack). 

20 First embodiment 

FIG. 1 is a block circuit diagram of an electric device showing the first 
embodiment of the invention on which battery units are mounted. 

An electric device 1 of this embodiment has a plurality of battery units 
2, 3 and 4, and a common charger unit 8 for charging respective storage 
25 battery packs 2B, 3B and 4B thereof, which are detachably mounted on the 
device main body (not shown) respectively. 

The battery units 2, 3 and 4, having the same structure, are units in 
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which the storage battery packs 2B, 3B and 4B are paired for integration with 

memories 11, 12 and 13 such as EEPROMs or the like. The battery units 2, 

3 and 4 and battery unit installation sections (not shown) on the device main 

body are provided respectively with connectors Bal, Ba2 and Ba3, connectors 

5 Bbl, Bb2 and Bb3, and connectors Bel, Bc2 and Bc3, each of which is 

composed of paired terminals, as connecting means for electrically connecting 

and disconnecting the battery units 2, 3 and 4 to/from the device main body 

incident to attachment and detachment of the battery units 2, 3 and 4. 

The charger unit 8 is a unit containing therein a charger 5 having a 

10 microcomputer and switches SW21, SW22 and SW23 corresponding to each 

of the battery units 2, 3 and 4, and is provided with connectors Cpl, Cp2, Cp3, 

Cgl, Cg2, Cg3, Csl, Cs2 and Cs3, each of which is composed of paired 

terminals, between the charger unit 8 and the charger unit installation sections 

(not shown) of the device main body, as connecting means for electrically 

15 connecting and disconnecting the charger unit 8 to/from the device main body 

side incident to attachment and detachment of the charger unit 8. 

Further, the electric device 1 comprises, on the main body side, a 

controller 6 for controlling the action of the whole electric device 1, a 

controlling power supply 7 and a driver 9 connected thereto, a load 10 of the 

20 electric motor and the like which is driven by the driver 9 to drive a\not 
, T . ^ Cno-f chow) 

shown] running section; and three switches SW11, SW12 and SW13 
interposed in discharge (feed) lines from the battery units 2, 3 and 4 to the 
controller 6 and the driver 9. 

The charger 5 in the charger unit 8 has a function of charge 
25 controlling the storage battery packs 2B, 3B and 4B of the battery units 2, 3 
and 4, and a function of reading and writing information from/into the 
memories 11, 12 and 13. Further, the controller 6 similarly has therein a 
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function of reading and writing information from/into the memories 11, 12 
and 13 of the battery units 2, 3 and 4 in addition to a function of controlling 
all signals. 

The charger 5 receives supply of alternating-current power from a 
5 commercial power supply 100, rectifies and smoothes it to make it direct 
current, and converts it to an output voltage suitable for charge. Further, the 
charger 5 reads and temporarily stores the information about the charge and 
discharge states of the storage battery packs 2B, 3B and 4B from the 
memories 11, 12 and 13 of the plurality of the mounted battery units 2, 3 and 
10 4, and selectively turns on one of the switches SW21, SW22 and SW23 by a 
switch 2n control signal to charge the storage battery pack of the battery unit 
selected based on the information. 

FIG. 1 shows an example in which three battery units are mounted, 
but the object of the invention can be achieved by mounting two or more 
15 battery units. In addition, the charger unit 8 is also detachably mounted on 
the main body of the electric device 1, so that it can easily be detached from 
the electric device 1 and used outside the electric device 1, but it may be 
provided fixedly to the main body of the electric device 1 . 

Each of the storage battery packs 2B, 3B and 4B of the battery units 2, 
20 3 and 4 is constituted by connecting in series a plurality of chargeable storage 
batteries or secondary batteries. 

In each of the memories 1 1, 12 and 13 of the battery units 2, 3 and 4, 
information specific to a battery such as a rated capacity, temperature 
characteristics, preservation characteristics and the like, and information 
25 about the charge and discharge states of the battery such as an amount of 
charge, an amount of discharge, numbers of charges and discharges and the 
like of each of the storage battery packs 2B, 3B and 4B, are stored. 



20 

As described above, the battery units 2, 3 and 4 have individual 

information respectively, which allows the plurality of the battery units 2, 3 

and 4 to be attached and detached in any order. The switches SW1 1, SW12 

and SW13 which are provided in respective feed lines between the battery 

5 units 2, 3 and 4, and, the controller 6 and the driver 9, are selectively turned 

ON by an SWln control signal controlled based on the controlling function of 

the controller 6, and used for selecting which battery unit is used to feed 

power to the controller 6 and the driver 9. 

The controller 6, having a microcomputer therein, detects installation 

10 states of the plurality of the battery units 2, 3 and 4 by the controlling function 

in conjunction with the reading/writing function, reads and temporarily stores 

the information stored in the memories 11, 12 and 13 in the battery units 2, 3 

and 4, selects a battery unit to be discharged based on the information, and 

controls its discharging current, discharging voltage and the like, to thereby 

15 conduct management appropriate for the battery characteristics of the battery 

unit used and the characteristics of the electric device 1 when necessary. 

Further, it is also possible to display information of each of the 

mounted battery units, for example, the (6^^^remaining^ capacity of the 

individual or the total of the plurality of the mounted battery units, charge 

20 request when there is a battery unit needing to be charged and the like, or to 

■A>r e<cmpk U$i«q an alarm &>(flG. H } ) 
give an alarm and the like, Avhen necessary. In other words, tnis controller 6 

has functions of controlling ON/OFF states of the switches SW11, SW12 and 

SW13 and managing and controlling the whole electric device 1, based on the 

information stored in the memories 11, 12 and 13 of the battery units 2, 3 and 

25 4. 

The controlling power supply 7 has a function of supplying required 
power to the controller 6 when at least one of the battery units 2, 3 and 4 is 
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mounted on the electric device 1. The controlling power supply 7 is 
supplied with electric power also when at least one storage battery pack 
among the battery units is charged by the charger 5, and in this event the 
controlling power supply 7 operates when necessary to supply electric power 
5 to the controller 6. 

Further, when each of the battery units 2, 3 and 4 is detached or when 
a command to stop the electric device 1 is given or the like, the controlling 
power supply 7 supplies electric power to the controller 6 until the controller 
6 stops drive of the load 10 by the driver 9, writes information about charge 
10 and discharge states and the like of the storage battery packs of an operating 
battery unit among the battery units 2, 3 and 4 into the memory in the battery 
unit, stops the electric device 1 in safety, and the like, to thereby complete 
necessary processing. 

The driver 9 receives supply of electric power from single or 
15 combination, as required, of the plurality of the battery units 2, 3 and 4 
mounted on the electric device 1, to drive and control the load 10 such as an 
electric motor, an actuator, a group of lamps and the like. 

The electric motor of the load 10 drives a not shown running section 
such as wheels to thereby cause the electric device 1 to run. The actuator 
20 operates a brake and the like. The group of lamps includes lamps such as a 
headlight, a taillight, blinkers (winkers). 

Moreover, when it is necessary to detect a charging current and a 
discharging current in accordance with purposes, accurate information about 
the charging current and/or the discharging current can be obtained by 
25 providing, for example, current detectors, not shown, at points in connection 
lines from the connectors Ba2, Bb2 and Bc2 to the battery units 2, 3 and 4 
where charge and discharge can be detected. 
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In the same manner, an accurate voltage or temperature information of 
each of the storage battery packs 2B, 3B and 4B in the battery units 2, 3 and 4 
can be obtained by providing a voltage detector for detecting the voltage of a 
plurality of individual battery cells or the whole cell block, or a temperature 
5 detector for detecting temperature of the individual battery cell or the whole 
cell block, in accordance with characteristics of the storage battery pack used 
in each of the battery units 2, 3 and 4. Since these detectors are also 
configured to be detachably attached to the device main body together with 
the respective battery units 2, 3 and 4, they need connectors for their signal 
lines. 

Next, charge action for the battery units 2, 3 and 4 in the electric 
device 1 shown in FIG. 1 is explained. 

When the charger 5 in the charger unit 8 is supplied with the 
commercial power supply 100 or an alternative power supply to go into the 
charge action, the microcomputer in the charger 5 first accesses each of the 
memories 11, 12 and 13 in the plurality of the battery units 2, 3 and 4 to 
detect the existence or absence of the installation thereof, and reads and 
obtains the information stored in the memories of the installed battery units, 
and holds the obtained information in the memory included in the charger 5 if 
necessary. 

This allows the charger 5 to recognize the information about the 
charge and discharge states and the like of the storage battery packs 2B, 3B 
and 4B in the battery units 2, 3 and 4 installed in the electric device 1. The 
charger 5 selects, for example, a battery unit for which charge will be 
completed the earliest based on the recognized information of each of the 
battery units 2, 3 and 4, and turns on any one of the switches SW21 to SW23 
by the SW2n control signal, to go into charge action for the storage battery 
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pack of the selected battery unit. 

After the completion of the charge of the battery unit, the charger 5 
writes charge information such as increase in the number of charges, full 
charge information, the integrated charge amount, temperature in charging, 
5 and the like into the memory of the battery unit for which the charge has been 
completed, and then starts charging a battery unit needing to be charged next. 
The charger 5 conducts the charge until battery units needing to be charged no 
longer exist among the plurality of the mounted battery units, and when the 
charge is completed, the charger 5 ends the charge action. 

10 Further, even when the charge action is suspended at some midpoint 

of the charge because of some reasons, the charge information until the 
midpoint is stored in the memory provided in the battery unit in charging as in 
the case of the completion of the charge, so that the above information can be 
utilized at the time of charging and discharging the battery unit. The above- 

15 described charge action is explained using flowcharts in FIG. 7 and FIG. 8. 

When the charger 5 in the charger unit 8 in FIG. 1 goes into the charge 
action shown in the flowcharts in FIG. 7 and FIG. 8, it first accesses a storage 
in a battery unit installed in a first position (the memory 1 1 in the battery unit 
2 in this example) as shown in FIG. 7 to read the information (data) stored 

20 therein. 

Then, the charger 5 determines whether the data is normal or not. 
The circuit is configured to erase data to zero when no battery unit is installed. 
In this case, it is appropriate, for example, to provide checksum data and to 
use means for checking it. 
25 If the result of the determination whether the data is normal or not is 

normal (Y), the charger 5 sets a flag indicating that the battery unit is installed 
in the first position, and if the result is abnormal (N), the charger 5 performs 
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nothing, and then it accesses a storage m a second position (the memory 12 in 
the battery unit 3 in this example) to read the information (data) stored 
therein. 

Subsequently, the charger 5 determines whether the data is normal or 
5 not, and if it is normal (Y), the charger 5 sets a flag indicating that the battery 
unit is installed in the second position, and if it is abnormal (N), the charger 5 
performs nothing, and then it accesses a storage in a third position (the 
memory 13 in the battery unit 4 in this example) to read the information (data) 
stored therein. 

10 Subsequently, the charger 5 determines whether the data is normal or 

not, and if it is normal (Y), the charger 5 sets a flag indicating that the battery 
unit is installed in the third position, and then it proceeds to process of charge 

shown in FIG. 8. 

When the result of the determination whether the data is normal or not 

15 is abnormal (N), the charger 5 checks whether the installation flag is set or not, 
and if it is set, the setting of the installation flag indicates that the battery units 
are installed in the first and/or second positions, and thus the charger 5 
proceeds to the process of charge shown in FIG. 8. If it is not set, the 
charger 5 determines that no battery units are installed in the installation 

20 positions, and ends the charge action here. 

According to the start of the charge action shown in FIG. 8, when 
there are a plurality of installation flags for the battery units, the charger 5 
selects, for example, the battery unit for which charge will be completed the 
earliest based on the information obtained from each memory (information 

25 about charge and discharge states of the storage battery pack), controls the 
switches SW21, SW22 and SW23 in the charger unit 8 shown in FIG. 1 by 
the SW2n control signal to connect to the battery unit. Thereby, the charger 
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5 starts charging the storage battery pack of the selected battery unit. 

After the start of the charge, in a typical charging method, the charge 
is continued to be performed to full charge where the charge is completed 

unless a charge stop command (command based on turning off of the 

r -is aYy 

5 commercial power supply, charge stop operation from ja not shown) operating 
panelf or the like) to suspend the charge at some midpoint is given. When a 
charge stop command is given at some midpoint, however, the charger 5 
writes the charge information about charging until then into the memory in 
the battery unit which has been selected and charged, and ends the charge 
10 action. 

On the other hand, after the charger 5 starts charging the storage 
battery pack of the selected battery unit, it measures and computes the charge 
information such as the integrated charge amount, the temperature in charging, 
and the like which are previously decided as necessary in accordance with the 

15 battery characteristics of the selected battery unit, during the charge, by the 
charge controlling function thereof by a predetermined method, and holds it 
by the memory in the charger unit 8. 

After the completion of the charge of the selected battery unit, the 
charger 5 writes the charge information into the memory of the selected 

20 battery unit. Subsequently, the charger 5 clears the installation flag for the 
battery unit. 

Thereafter, the charger 5 determines whether another installation flag 
is set or not, and if it is not set (if it is cleared), the charger 5 ends the charge 
action. However, when the installation flag is still set (when it is not 
25 cleared), the charger 5 returns to the first step in FIG. 8 and repeats the above 
described processing, that is, it selects a battery unit for which charge will be 
completed the earliest among the remaining battery units (a battery unit 
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subjected to charge second) and starts charging it. Subsequent processing is 
the same as performed for the battery unit which has been charged first. 

After the completion of the charge of the battery unit, when the 
installation flag for still another battery unit is set, the charger 5 repeats the 
5 same action to thereby complete charge of all of the storage battery packs of 
the battery units. 

Naturally, when charge is not necessary for the storage battery pack in 
accordance with the information from the memory of each battery unit, the 
charger 5 does not go into the charge action, but clears only the installation 
10 flag to thereby end the processing; for the battery unit to be processed. This 
prevents an excessive charge due to recharge into the storage battery pack of 
the battery unit just after charge or in a fully charged state, which does not 
need to be charged. 

The information here to be stored in the memories 11, 12 and 13 
15 provided in the respective battery units 2, 3 and 4 includes information about 
the charge and discharge states required in accordance with characteristics of 
the batteries in use (the storage battery packs 2B, 3B and 4B) and 
characteristics of the electric device 1, for example, the number of charges, 
full charge information, an integrated charge amount, temperature in charging, 
20 the number of discharges, an integrated discharge amount, a remaining 
capacity, temperature in discharging, and the like. The details of the 
information will be described below. 

Next, the action of the electric device 1 (driving of the load 10) shown 
in FIG. 1 during operation is explained. 
25 When the battery unit is installed in at least one of three battery unit 

installation sections in the electric device 1, required power is supplied to the 
controller 6 by the controlling power supply 7. 
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When the controller 6 is supplied with the power supply, it accesses 
the memories 11, 12 and 13 provided in the battery units 2, 3 and 4 by the 
controlling function included in the controller 6, so that the controller 6 
. obtains information of the existence or absence of the installation of the 
5 battery units and the information in the memories necessary for discharge 
from the installed battery units, and holds them when necessary by the 
information storing function included in the controller 6. 

Through this action, the battery units installed in the electric device 1 
are recognized as in the case by the aforementioned charger 5. Though 
10 illustration is omitted, when a signal requesting ^reoperation of the electric 
device 1 is inputted into the controller 6, it selects, for example, a battery unit 
having the least remaining capacitj^based on the above-described information ^ 
necessary for the discharge^which the controller 6 has obtained andjis holding 
Actually, a battery unit to be discharged is selected in accordance with the 
15 characteristics of the storage battery pack, the characteristics of the electric 
device, and the like, and in this embodiment, an example is explained in 
which the battery unit having the least remaining capacity is selected. 

The controller 6 switches the switches SW1 1, SW12 and SW13 by the 
SWln control signal and sends a signal to the driver 9 in response to the 
20 aforementioned request to cause the driver 9 to drive, for example, an electric 
motor (not shown) which is the load 10 to thereby operate the electric device. 

When the battery unit^ which has been selected and being discharged^ 
comes into a predetermined end-of-discharge state, the controller 6 writes the 
discharge information into the memory of the battery unit. Then, the 
25 controller 6 selects a battery unit to be discharged next based on the 
information from the memories of other installed battery units or the 
information which has been obtained and stored, and switches between the 
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switches SW11, SW12 and SW13 to connect the selected battery unit and 
disconnect the discharged battery unit in the same manner as described above. 

Further, the discharge information is written into the memory of the 
battery unit in use even when the request for operation of the electric device 1 
5 by the driver 9 disappears at some midpoint of the discharge. 

The action during operation of the electric device is explained in 
accordance with flowcharts in FIG. 9 and FIG. 10. 

The controller 6 in FIG. 1 determines the existence or absence of the 
request for operation of the electric device in the first step shown in FIG. 9, 

10 and if no operation request exists, it waits, and if exists, it immediately 
proceeds to the next step to access the memory in the first position (the 
memory 11 of the battery unit 2 in the example of FIG. 1) to read its 
information. Then, the controller 6 determines whether the information is 
normal data (information) or not. 

15 As a result, if the data is normal (Y), the controller 6 stores in a 

predetermined memory area the information in the first memory. Also in 
this case, the controller 6 may set an installation flag in the same manner as 
described above in the charge action, and access the memory of the battery 
unit every time the controller 6 needs the information in the memory. 

20 The controller 6 accesses, immediately when the result of the above 

determination is abnormal (N) and after performing the above-described 
processing when the result is normal (Y), the memory in the second position 
(the memory 12 of the battery unit 3 in the example in FIG: 1) to read its 
information. Then, the controller 6 determines whether the information is 

25 normal data (information) or not. 

The controller 6 accesses, immediately when the result of the above 
determination is abnormal (N) and after storing in a predetermined memory 
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area the information in the second memory when the result is normal (Y), the 
memory in the third position (the memory 13 of the battery unit 4 in the 
example in FIG. 1) to read its information. Then, the controller 6 determines 
whether the information is normal data (information) or not. 

5 When the result of the above determination is normal (Y), the 

controller 6 stores in a predetermined memory area the information in the 
third memory and then proceeds to operation processing shown in FIG. 10. 

When the result of the above determination is abnormal (N), the 
controller 6 determines whether stored, information exists in the 

10 predetermined memory area or not, and when the information exits, the 
controller 6 proceeds to the operation processing shown in FIG. 10, and when 
no information exists, it determines that no battery units are installed in the 
first to third installation positions and ends this processing here. 

In the processing in the first step in FIG. 10, the controller 6 compares 

15 the contents of the information stored in the predetermined memory areas, for 
example, selecting a battery unit having the least remaining capacity, and 
controls the switches SW11, SW12 and SW13 by the SWln control signal to 
connect the selected battery unit to the controller 6 and the driver 9. 

Then, the controller 6 allows the storage battery pack in the selected 

20 battery unit to discharge to thereby supply power to and drive the load 10 in 
response to the operation request to operate the electric device 1. While the 
remaining capacity of the storage battery pack of the battery unit exists and 
the operation request is continued, the battery unit keeps discharging. When 
the operation request disappears, the controller 6 writes the discharge 

25 information until then into the memory of the selected battery unit and then 
ends the processing. 

Once the controller 6 selects a battery unit to allow it to start 
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discharging, the controller 6 measures and calculates an integrated discharge 
amount, temperature in discharging and the like which are previously decided 
as necessary in accordance with the battery characteristics and the electric 
device characteristics, during the discharge, by the controlling function 
5 thereof by a predetermined method, and holds them by the information storing 
function of the controller 6. Further, the controller 6 writes them into the 
memory of the selected battery unit as required. 

On the other hand, when the selected battery unit comes into an end- 
of-discharge state at some midpoint while the operation request is continued, 
10 the controller 6 writes the discharge information until then into the memory of 
the selected battery unit and other memories if necessary, for example, the 
memory for use in the information storing function included in the controller 
6. 

Subsequently, the controller 6 checks the information stored in the 
15 above-described predetermined memory area to determine whether another 
dischargeable battery unit exists or not. In the case of "NO", the controller 
6 ends the processing, but in the case of "YES", the controller 6 returns to the 
first step in FIG. 10 to repeat the above-described processing, in which the 
controller 6 selects the battery unit having the next less remaining capacity 
20 among the other installed battery units to allow it to discharge to drive the 
load during the exist of the operation request. 

FIG. 4 is a diagram showing a connecting state when the charger unit 
8 and the plurality of battery units 2, 3 and 4 are detached from the electric 
device 1 shown in FIG. 1 to be charged, and the charge action thereof is the 
25 same as the above-described charge action where they are installed in the 
electric device 1. 

In this example, a state is shown in which the charger unit 8 and three 
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sets of battery units 2, 3 and 4 are detached from the electric device 1 at the 
same time to be charged, but it is not necessary to detach and charge at the 
same time all of the plurality of battery units mounted on the electric device 1. 
For example, only the completely discharged battery unit or the 
5 battery unit having a storage battery pack having a little remaining capacity 
among the plurality of the battery units mounted on the electric device 1 is 
detached together with the charger unit 8 and charged, which makes it 
possible to operate the load 10 in response to an operation request by using 
the remaining battery units until the former battery unit is mounted again. 

10 In the case where the charger unit 8 is fixedly provided in the electric 

device 1 or the battery units are charged while mounted on the electric device, 
since the charger unit 8 needs to be connected to the commercial power 
supply 100, the electric device 1 itself should be stopped at a place where it 
can be connected to the commercial power supply 100, and thus the electric 

15 device 1 can not be used during the charge. Accordingly, the charge should 
be performed during hours when the electric device is not in use such as 
during the night. 

As in this embodiment, however, each of the charger unit 8 and the 
battery units 2, 3 and 4 is detachably mounted on the main body of the electric 

20 device 1, and only the charger unit 8 and a battery unit needing to be charged 
are detached from the electric device 1 and charged, which eliminates the 
need to connect the electric device 1 to the commercial power supply, the load 
can be driven by using the remaining battery units also during the charge as 
described above for free running. 

25 It is preferable to prepare the charger unit 8, and a charging holder 

provided with a charger unit installation section and battery unit installation 
sections in an integral manner, not shown, in which the charger unit 8 and one 
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or more battery units can be detachably installed, and provided with a 
connecting cord to the commercial power supply; and to provide, respectively 
in the charger unit installation section and the battery unit installation sections, 
fixed terminals (connected to respective corresponding terminals of the 
5 charger unit 8 and the battery unit 2 and the like)^ which form respective 
connectors for establishing electrical connection to the charger unit 8 and the 
battery unit 2 and the like. 

As a result, only by connecting the connecting cord of the charging 
holder to the commercial power supply, installing the charger unit 8 in the 

10 charger unit installation section, and installing battery units desired to be 
charged in the battery unit installation sections, all the connections between 
the connectors of the charger unit 8 and the installed battery units are 
completed, which allows charge to be started immediately. 

The charger unit 8 and the charging holder can constitute the charging 

15 apparatus according to the invention. In the case of the charging apparatus 
which is not mounted on the electric device, the charger unit 8 and the 
charging holder can be integrated to constitute the charging apparatus. 

Second embodiment 

20 FIG. 2 is a block circuit diagram of an electric device showing a 

second embodiment of the invention on which battery units are mounted, in 
which the same portions as those in FIG. 1 are assigned the same numerals 
and the description thereof is omitted or simplified. 

Battery units 22, 23 and 24 of the second embodiment include therein 

25 respectively, as in the battery units of the first embodiment, storage battery 
packs 2B, 3B and 4B paired for integration with memories 11, 12 and 13 for 
storing information about charge and discharge states thereof, and chargers 25, 
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26 and 27 which are the same as the charger 5 provided in the charger unit 8 
in FIG. 1. Therefore, the battery units 22, 23 and 24 can be referred to as 

power supply units. 

Each of these battery units 22, 23 and 24 is detachably mounted on the 
5 main body of an electric device 1. The battery units 22, 23 and 24 and 
battery unit installation sections (not shown) on the device main body are 
provided with connectors Cal, Ca2 and Ca3, connectors Cbl, Cb2 and Cb3, 
and connectors Ccl, Cc2 and Cc3^each of which is composed of paired 
terminals, as connecting means for performing electrical connection and 

10 disconnection to/from the device main body respectively incident to 
attachment and detachment of the battery units 22, 23 and 24. 

On the electric device 1 of this embodiment, the charger unit 8 in FIG. 
1 is not mounted because the plurality of the battery units 22, 23 and 24^ which 
include therein chargers respectively are mounted. The other configuration, 

15 that is, a controller 6, a controlling power supply 7, a driver 9 for driving a 
load 10 such as an electric motor or the like in response to a request from the 
controller 6, and three switches SW11, SW12 and SW13 for switching the 
battery units for discharge (feed) by an SWln control signal from the 
controller 6 are provided, is the same as in the first embodiment. 

20 The chargers 25, 26 and 27 of the battery units 22, 23 and 24 are 

directly connected to a commercial power supply 100 respectively, and 
configured to charge the respective storage battery packs 2B, 3B and 4B in 
the same units referring to information stored in the respective memories 11, 
12 and 13 in the same units. While an example in which three sets of battery 

25 units are mounted is shown, two or more sets are preferably mounted. 

Next, charge action in the electric device of this embodiment is 
explained. 
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When the chargers 25, 26 and 27 of the plurality of the battery units 
22, 23 and 24 are supplied with the commercial power supply 100 or an 
alternative power supply, they go into the charge action. 

Each of the battery units 22, 23 and 24 first accesses the memory 11, 

5 12 or 13 in the same unit, reads and obtains the information stored in the 
storage battery pack 2B, 3B or 4B needing to be charged, and starts charging 
the storage battery pack when it determines that the storage battery pack in 
the same unit needs to be charged. When the storage battery pack is fully 
charged, the battery unit 22, 23 or 24 writes the charge information into the 

10 memory in the same unit and ends the charge action. 

When the charge action is stopped at some midpoint of the charge, the 
battery unit 22, 23 or 24 writes the charge information until then into the 
memory in the same unit in the same manner as in the case of completion of 
the charge to utilize it for later charge and discharge. 

15 The above-described charge action is one example in which the 

plurality of the battery units 22, 23 and 24 separately perform charge action. 
However, when the plurality of the battery units perform charge action 
simultaneously, electric power is increasingly demanded of the commercial 
power supply 100 or the alternative power supply, which may produce a 

20 disadvantage that a breaker stack trips in the case of, for example, a 
household power supply. 

As means for solving the above problem, as will be described below 
with reference to FIG. 12, control can be conducted such that the chargers 25, 
26 and 27 included in the respective battery units 22, 23 and 24 are connected 

25 to each other by not shown connectors and signal lines, and the chargers 25, 
26 and 27 send/receive information each other through an information 
exchange route by the signal lines to determine an order of charging the 
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storage battery packs 2B, 3B and 4B for sequential charge. 

It is possible to cope with the above disadvantage, in accordance with 
the contents of the information stored in the memories 11, 12 and 13, by 
preparing a required commercial power supply or an alternative power supply, 
by performing the sequential charge with the power demand being made 
appropriate to the power capacity of the commercial power supply or the 
alternative power supply, or by controlling amounts of charge of the plurality 
of the storage battery packs 2B, 3B and 4B. 

On the other hand, since the storage battery packs 2B, SB and 4B are 
connected to the chargers 25, 26 and 27 respectively all the time in the battery 
units 22, 23 and 24 in this embodiment, it is necessary to interpose, for 
example, diodes, reverse current preventing circuits, or the like, not shown, 
between the storage battery packs and the chargers to prevent a current from 
reversely flowing from the storage battery packs 2B, 3B and 4B to the charger 

units 25, 26 and 27. 

Next, the above-described charge action in this electric device is 

explained in more detail using flowcharts in FIG. 1 1 and FIG. 12. 

The charge action in accordance with the flowchart in FIG. 11 is the 
case in which the chargers 25, 26 and 27 in the respective battery units 22, 23 
and 24 shown in FIG. 2 separately perform charge action. 

When the chargers 25, 26 and 27 of the battery units 22, 23 and 24 are 
supplied with the commercial power supply 100 or the alternative power 
supply, the respective chargers 25, 26 and 27 go into the charge action shown 
in the flowchart in FIG. 11. While the same action is performed in any 
battery unit, the case of the battery unit 22 is explained below. 

In the battery unit 22, the charger 25 first accesses the memory 1 1 and 
determines whether its data is normal or not. When the data is normal, the 
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charger 25 determines the need to charge the storage battery pack 2B based 
on the information obtained from the memory 11. Then, when the charger 
25 determines that the charge is necessary, it starts charging the storage 
battery pack 2B. After the start of the charge, the charger 25 continues the 
5 charge unless a command to stop the charge is given, and determines whether 
the charge has been completed or not, and when it has been completed, the 
charger 25 writes the charge information at that time into the memory 1 1 and 
ends the charge action. 

After the start of the charge, the result of the access to the memory 1 1 
10 is not normal data, which is regarded as "error", the charger 25 does not 
perform the charge action. In this case, the charger 25 goes into the charge 
action again after taking measures^ such as seeking a cause. When the result 
of the charger 25 determining the need to charge the storage battery pack 2B 
based on the information obtained from the memory is that charge is 
15 unnecessary, the charger 25 ends the charge action there. 

On the other hand, when a charge stop command is given after the 
start of the charge, the charger 25 writes the charge information until then into 
the memory 1 1 even in charging and ends the charge action. 

However, if the above-described charge action is performed in the 
20 plurality of the battery units simultaneously, demanded power is excessively 
increased as has been explained, which may trip a breaker stack provided 
along the feed lines to the commercial power supply 100. 

In order to prevent occurrence of the above disadvantage, it is 
preferable to perform the sequential charge shown in the flowchart in FIG. 12. 
25 In this case, a route through which information is sent/received is 

provided among the chargers 25, 26 and 27 of the battery units 22, 23 and 24 
mounted on the electric device 1 shown in FIG. 2. This makes it possible for 
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the respective chargers 25, 26 and 27 to arbitrarily decide an order of charging 
the storage battery packs 2B, 3B and 4B by exchanging the information 
obtained from the memories 11, 12 and Irrespectively. 

For example, there is a method of obtaining required amounts of 
5 charge from the remaining capacities of the storage battery packs based on the 
information obtained from the memories and converting them to time to 
calculate required charging periods, and charging the storage battery packs in 
order from the battery unit having the storage battery pack requiring a shorter 
charging period. There is also a method of charging the storage battery 

10 packs in order from the storage battery pack having a less capacity (most 
discharged), or a method of charging the storage battery packs of the battery 
units in a predetermined order regardless of the magnitude of the remaining 
capacities. Further, there is a method of sequentially charging them from the 
storage battery pack having a larger charge capacity per unit time, and the 

15 like. 

In the example shown in the flowchart in FIG. 12, in the first step, the 
charger 25, 26 or 27 of the installed battery unit 22, 23 or 24 sends/receives 
information to/from the chargers of other battery units to recognize the 
number of installed battery units individually and to obtain needs for charge 

20 and information of charging periods. 

Then, the chargers 25, 26 and 27 determine the number of battery 
units needing to be charged. As the result of the determination, when the 
number of battery units needing to be charged is three, the chargers 25, 26 and 
27 select two battery units from the battery unit requiring the shortest 

25 charging period and start charging their storage battery packs. When the 
number of battery units needing to be charged is not three, the charger 25, 26 
or 27 starts charging the battery unit needing to be charged. 
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The charger 25, 26 or 27 sends/receives information to/from other 
battery units to mutually obtain latest information about charge and discharge 
states of the storage battery packs all the time during the charge. 

When a charge stop command is given during the charge, the charger 
5 25, 26 or 27 in charge action writes the charge information until/then into the 
memory in the same unit and ends the charge action. 

When a charge stop command is not given, the charger 25, 26 or 27 
continues the charge action and determines whether a battery unit for which 
the charge has been completed exits or . not. As the result of the 
10 determination, when no charged battery unit exists, the charger 25, 26 or 27 
continues the charge action while sending/receiving information among the 
chargers. 

When a battery unit for which charge has been completed exists, the 
charger of the charged battery unit writes the charge information it has at that 
15 time into the memory in the same unit. 

Subsequently, the chargers 25, 26 and 27 further determine whether a 
battery unit needing to be charged exists or not based on the sent/received 
information among the chargers, and when a battery unit needing to be 
charged exists, the chargers 25, 26 and 27 return to the determination whether 
20 the number of battery units needing to be charged is three or not, repeat the 
above-described charge action to thereby charge the storage battery packs of 
the battery units needing to be charged. 

Furthermore, after the completion of the charge, when the result of 
determination whether a battery unit needing to be charged exists or not is 
25 "NO", the chargers 25, 26 and 27 determine that charge for the storage battery 
packs of all the battery units needing to be charged is completed and end the 
charge action. 
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Next, a process of limiting a charging electric power (an amount of 
charge) related to a charging electric power control in the second embodiment 
is explained with flowcharts in FIG. 13 and FIG. 14. 

It is difficult to suppress a charging current to decrease the charging 
5 electric power in a battery such as a Ni-Cd battery or a Ni-MH battery in 
which a peak (with high accuracy) at -AV or AV is detected by constant- 
current charging, but it is easy to suppress a charging current to decrease the 
charging electric power in a battery such as a lithium ion battery or a lead 
battery by constant-voltage/constant-current charging. 
10 Therefore, in the example described below, a function is provided 

which can control a charging current (electric power) regardless of the type of 
the battery and further enables detection of a charging voltage and a charging 
current to calculate a charging electric power. 

After the chargers 25, 26 and 27 of the plurality of the battery units 22, 
15 23 and 24 start the charging electric power controlling action shown in FIG. 
13 using the commercial power supply 100, the charger of each battery unit 
installed in the electric device 1 first sends/receives information to/from the 
chargers of other battery units to obtain information of the need to charge the 
installed battery units and charging periods thereof. 
20 Subsequently, the chargers determine whether a battery unit needing 

to be charged exists or not, and when no battery unit needing to be charged 
exists, the chargers end all the charge action there. 

When battery units needing to be charged exist, charge is started in a 
battery unit requiring the shortest charging period below the electric power 
25 from the commercial power supply and within the maximum capacity of the 
charger. 

The electric power of the commercial power supply here can be 
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obtained, for example, from the charging voltage, the charging current and the 
efficiency of the charger. Also after the start of the charge, each of the 
chargers of the plurality of the battery units sends/receives the charge 
information including the electric power of the commercial power supply by 
5 its charge controlling function. In the processing thereafter until the end 
shown in FIG. 14, the above-described processing is repeated and the same 
processing as in the sequential charge which has been explained with FIG. 12 
are performed, and thus the explanation thereof is omitted. 

As described above, in this embodiment, the chargers 25, 26 and 27 
10 grasp the charge information of all the mounted battery units by 
sending/receiving it among them all the time, and determine whether a battery 
unit needing to be charged next exists every time the charge has been 
completed for any of the storage battery packs 2B, 3B and 4B of the battery 
units 22, 23 and 24, or all the time at some midpoints during the charge. 
15 When a battery unit needing to be charged exists, charge is started in 

the battery unit requiring the next shorter charging period below the electric 
power from the commercial power supply 100 and within the maximum 
capacity of the charger. 

In other words, the charger of each battery unit grasps the charge 
20 information of the chargers of all of the other battery units to thereby grasp 
the total electric power that each battery unit demands of the commercial 
power supply 100. 

By grasping the total electric power, each charger adjusts its own 
charging electric power to enable parallel charge within the capacity of the 
25 commercial power supply 100 all the time. 

For example, a battery such as a lithium ion battery, in which charge 
is performed by a constant-current/constant-voltage method, has 
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characteristics that the charge starts with a constant current, the charging 
power is low when the voltage is low, it increases as the voltage rises, it 
becomes maximum when the charge goes into a constant voltage mode at a 
specified voltage, and thereafter the charging electric power decreases due to 
5 a decrease in charging current. 

Each charger acts to a limit of allowable power of the commercial 
power supply by utilizing the above-described characteristics that the required 
charging electric power changes in accordance with the charging state, which 
enables an efficient charge. While this explanation is about the battery 

10 which is charged by the constant-current/constant-voltage method, the same 
effects can naturally be obtained in a battery having other characteristics by 
grasping its characteristics and controlling charge. 

In the example explained with FIG. 13 and FIG. 14, the charge is 
started in order from the storage battery pack of the battery unit requiring the 

15 shortest charging period, which may be changed into a charge starting from 
the battery unit requiring the largest charging electric power, a charge starting 
from the battery unit requiring the smallest charging electric power, or the 
like. In any case, its purpose is achieved by deciding the charge order 
suitable for the characteristics of the storage battery pack and the 

20 characteristics of the electric device to perform charge. 

The battery unit in which the storage battery pack has been charged 
waits until its charger writes the charge information into its memory at that 
time by its charge controller and charge for all the battery units is completed, 
and all the charge is completed to thereby end the charge action. When the 

25 charge is stopped by shutdown of the commercial power supply or charge 
stop operation, the chargers in the battery units for which charge action has 
been started write the charge information until then into the respective 
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memories and end the charge action, in the same manner as described above. 

FIG. 5 is a diagram showing a charging method when a set of the 
battery unit in FIG. 2 is detached from the electric device 1 to charge the 
storage battery pack thereof, showing an example of the battery unit 22. The 
5 point differing from the above-described method of charging on the electric 
device 1 is that the storage battery packs of the plurality of the battery units 
are not charged in sequence but the battery units 22, 23 and 24 are separately 
detached from the electric device 1, the chargers 25, 26 and 27 are connected 
to the commercial power supply 100 to charge the storage battery packs 2B, 

10 3B and 4B in a single manner, and mounted on the electric device 1 again. 

When the plurality of the battery units are detached, the battery units 
are connected such that the chargers thereof can send/receive the charge 
information among them of the battery units in the same manner as when they 
are mounted on the electric device 1, which enables parallel charge action 

15 within the allowable power of the commercial power supply even when the 
plurality of the battery units are connected to one outlet of the commercial 
power supply. 

According to this embodiment, it is unnecessary to mount a charger 
unit on the electric device or to provide a separate charging apparatus, and 
20 thus the storage battery packs can be charged on an eyery-battery-unit basis at 
any time and anywhere with only the commercial power supply. Further, 
when the storage battery packs of the plurality of the battery units are charged, 
the above-described sequential charge and charging electric power control can 
easily be conducted. 

25 

Third embodiment 

FIG. 3 is a block circuit diagram of an electric device showing a third 
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embodiment of the invention on which battery units are mounted, in which 
the same portions as those in FIG. 1 are assigned the same numerals and the 
description thereof is omitted. 

Battery units 32, 33 and 34 of the third embodiment shown in FIG. 3 
5 include therein respectively, as in the battery units of the first embodiment, 
storage battery packs 2B, 3B and 4B paired for integration with memories 11, 
12 and 13 for storing information about charge and discharge states thereof, 
and is provided with switches SWa, SWb and SWc in series with the storage 
battery packs 2B, 3B and 4B, respectively. 

10 Each switch serves both as the switch SW21, SW22 or SW23 

provided in the charger unit 8 in FIG. 1 and the switch SW1 1, SW12 or SW13 
controlled by the controller 6 to reduce cost of products. 

The battery units 32, 33 and 34 are detachably mounted on the main 
body of an electric device 1 . The battery units 32, 33 and 34 are respectively 

15 provided with series circuits composed of the storage battery packs 2B, 3B 
and 4B and the switches SWa, SWb and SWc, control terminals of the 
respective switches SWa, SWb and SWc, and terminals for connecting the 
memories 11, 12 and 13 to the outside (terminals on the respective unit sides 
of connectors Bal to Ba6, connectors Bbl to Bb6, and connectors Bel to 

20 Bc6). 

Further, battery unit installation sections of the electric device 1 are 
provided with fixed terminals of the connectors Bal to Ba6, the connectors 
Bbl to Bb6, and the connectors Bel to Bc6 for performing electrical 
connection and disconnection to/from the aforementioned terminals incident 
25 to attachment and detachment of the battery units 32, 33 and 34. 

On the electric device 1 of the third embodiment, the above-described 
plurality of the battery units 32, 33 and 34 are mounted, and a charger unit 18 
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provided with a charger 5 is detachably mounted. This electric device 1 is 
the same as in the first embodiment shown in FIG. 1 in that it further 
comprises a controller 6, a controlling power supply 7 and a driver 9 for 
driving a load 10 such as an electric motor or the like at a request from the 
5 controller 6, but it is not provided with the switches SW1 1, SW12 and SW13 
which are controlled by the controller 6. 

The charger unit 18 is constituted such that the switches SW21, SW22 
and SW23 in FIG. 1 are omitted from the charger unit 8 to separately output 
an SW control signal to three connectors Crl, Cr2 and Cr3, and three earth- 
10 side connectors Cgl, Cg2 and Cg3 in FIG. 1 are integrated into one earth-side 
connector Cgl. 

In this embodiment, corresponding with the provision of the switches 
SWa, SWb and SWc in the battery units 32, 33 and 34 respectively, the 
charger 5 of the charger unit 18 separately opens/closes the switches SWa, 

15 SWb and SWc in the battery units 32, 33 and 34 by the SW control signal 
based on the charge controlling function thereof. 

The controller 6 can also separately open/close the switches SWa, 
SWb and SWc in the battery units 32, 33 and 34 respectively by an SW 
control signal based on the charge controlling function thereof. 

20 Here, priority is given to either the S W control signal from the charger 

5 or the SW control signal from the controller 6 and, for example, in the case 
of giving priority to the charger 5, connection to the commercial power 
supply 100 is detected and its information is transmitted to the controller 6 to 
inhibit the controller 6 from outputting the SW control signal, thereby 

25 securing normal actions of the three switches SWa, SWb and SWc. 

Further, connector circuits for supplying outputs of the non-switched 
storage battery packs 2B, 3B and 4B in the battery units 32, 33 and 34 to the 
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controlling power supply 7 are provided to perform supply of required electric 
power to the controller 6 when any of the battery units is mounted, which is 
the function of the controlling power supply 7. 

Despite the difference that the switches SW21, SW22 and SW23 in 
5 the charger unit 8 in the first embodiment shown in FIG. 1 are replaced with 
the switches SWa, SWb and SWc respectively provided in the battery units 32, 
33 and 34, and that the SW2n control signal is replaced with the SW control 
signal, the charge action in the electric device of the third embodiment is the 
same as the charge action in the first embodiment shown in FIG. 7 and FIG. 8 
10 except for the above points, and thus the explanation thereof is omitted here. 

Despite the difference that the switches SW11, SW12 and SWB 
shown in FIG. 1 are replaced with the switches SWa, SWb and SWc 
respectively provided in the battery units 32, 33 and 34, and that the SWln 
control signal in the first embodiment (FIG. 1) is replaced with the SW 
15 control signal, the operating (load drive) action by the electric device 1 of the 
third embodiment is the same as the action by the electric device 1 in the first 
embodiment shown in FIG. 9 and FIG. 10^ except for the above points, and 
thus the explanation thereof is omitted here. 

FIG. 6 shows a state in which the charge is performed with the charger 
20 unit 18 and the plurality of the battery units 32, 33 and 34 detached from the 
electric device 1 shown in FIG. 3. The charge action thereof is the same as 
the charge action in accordance with the first embodiment described with FIG. 
4, and thus the explanation is omitted. 

It should be noted that the switches SW11, SW12 and SW13 in the 
25 battery units 22, 23 and 24 can also be omitted in the second embodiment 
shown in FIG. 2 by providing switches in series with the storage battery packs 
2B, 3B and 4B respectively in a manner to be on/off controllable from the 
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outside. 

Next, the most characteristic points of the invention, that is, effects 
due to the integration of the storage battery pack paired with the memory for 
storing information about the charge and discharge states thereof to constitute 
5 the battery unit are explained. 

The information to be stored in the memory of the battery unit 
according to the invention includes various kinds of information as follows, 
including at least the information about charge and discharge states of the 
battery (storage battery pack) in the same unit)( I 
10 (1) Battery characteristics such as rated capacity of battery, charge 

characteristics, discharge load characteristics, cycle characteristics, 
preservation characteristics, temperature characteristics, and the likey j 

(2) History of charge and discharge such as voltage at the start of 
charge, integrated charge capacity, temperature in charging, integrated 

1 5 discharge capacity, temperature in discharging, voltage at the end of discharge, 
remaining capacity, the number of discharge cycles, charge and discharge 
capacity results, temperature in use, and the likey « on<J( 

(3) Correction data such as battery characteristics of capacity of the 
battery, charge characteristics, and discharge load characteristics, and 

20 fundamental constant used for managing and controlling the battery, and the 
like. 

It is possible to store information of management in accordance with 
the battery characteristics, information of environment and result of the 
battery in use, correction information for each information based on use result 
25 of the battery, information of characteristics of the electric device affecting 
the battery as required, and the like. 

As described above, in this invention, it is possible to grasp all the 
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time the state of the battery characteristics such as the capacity of the battery 
(storage battery pack) in the battery unit, the charge characteristics, the 
discharge load characteristics, and the like by handling the memory being 
integrated with the battery unit. As a result, the following many effects can 
5 be obtained^ \ 

(1) It becomes possible to use the battery under control of the 
remaining capacity by virtue of the memory of each battery unit regardless of 
the state of the battery such as the battery being completely (fully) charged, 

^ — » 

half charged, or during discharge, which enables free exchange of the battery 
10 units. 

(2) The determinations can be made to the charge order such that 

charts performed starting from a battery unit having a smaller remaining 

capacity or from a battery unit having a larger remaining capacity based on 

the information in the memory of the battery units; or charges performed sfartf*^ 

r -j -fewer ' " ' /i J 

15 from a battery unit having [a less number ofjcharge and discharge cycles based 

on the information of the number of the correction cycles to level the use rates 

of the battery units, or the like, which makes it possible to perform charge 

starting from the battery unit in accordance with user's will or suitable for the 

characteristics of the batteries and the electric devfce. 

20 (3) The determinations can be made[t<^ tke discharge order such that 

discharge is performed starting from a battery unit having a smaller remaining 
capacity based on the information of the memories of the battery units, or 
starting from a battery unit susceptible to occurrence of the memory effect 
based on the history information to increase opportunities for the battery to 

25 discharge to a cut-off voltage jof a discharge so asjto prevent the memory 
effect, when a battery in which a memory effect occurs ia in use, or discharge 
is performea from a battery unit having a. less number oj charge and discharge 
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cycles to level the use rates of the battery units, or the like. 

(4) Charge after refresh can be automatically performed when there is 
a possibility of occurrence of the memory effect, or refresh can be 
automatically performed only when the remaining capacity is below a 
specified value, based on a capacity change rate of the charge and discharge 
history information, information of repeating charge and discharge, and the 
like, to shorten the refresh period. 

(5) Based on the charge information and the discharge information in 
the charge and discharge history information , in the memories of the battery 
units, the charge and discharge orders are optimally decided to increase the 
probability of complete charge or complete discharge, and correction of the 
management of the remaining capacity of the battery is performed at a break 
of the charge and discharge action to improve the detection accuracy of the 
remaining capacity of the battery unit, which enables an appropriate operation 
of the electric device. 

(6) It is possible to determine the battery life based on use history 

information^ such as the number of charge and discharge cycles, the charge 

and discharge capacity results and the like.from the memories of the battery 

Ac the, J . 
units to leveUives of^batteries by performing discharge starting from, for 

example, a battery unit^having jsmaller numbers o^dia^^and discharges. 

(7) EspeciaUy^heiiJa battery, such as a Ni-Cd battery, a Ni-MH 
battery or the like, having characteristics that the memory effect occurs, 
discharge can be started from a battery unit which is susceptible to occurrence 
of the memory effect in the discharge order based on the cut-off voltage 
information of discharge in the charge and discharge history information to 
improve the rate of reaching the discharge cut-off voltage, which enables 
prevention of the memory effect. 
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(8) Batteries of the same type but having different capacities from 
each other are managed based onfthej battery characteristi<^ information^such 
as the rated capacity of the battery, the discharge load characteristics and the 

like, the charge and discharge history information, the correction data and the 

* the 

like from the memories of the battery units, which enables use of the batteries 
having different capacities in a mixed manner. 

(9) Even when battery units provided with different types of batteries 
exist in a mixed manner in a configuration composed of a plurality of the 
battery units, each battery is managed based on the battery characteristics 
information, the charge and discharge history information, the correctjgn data 
and the like in the memory of each battery unit, which; enables'use of the 
different types of batteries in a mixed manner. 

(10) The batteries (storage battery packs) are paired for integration 
with the memories for storing the information such as the battery 
characteristics information, the charge and discharge history information, the 
correction data and the like to constitute units which are attachable/detachable 
to/from the electric device, which allows the battery units to be shared in the 
electric device having a plurality of battery units, so that^harg^Pof the 
batteries at a battery station or the like can be facilitated. 

(11) In the case of using an electric motor, the battery section is 
divided into plural sections and the battery sections and the memories are 
integrated, which enables a larger regenerative electric power to be recovered 
by supplying its regenerative electric power to a battery of the mounted 
battery unit having a great depth of discharge to thereby improve its recovery 
efficiency. 

(12) By mounting a plurality of battery units having a required 
capacity, only a single battery unit can operate the electric device, and other 
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battery units can be charged even if the former battery unit is in operation. 

(13) In the case in which the chargers are integrally provided in the 
battery units respectively, the battery units can be simultaneously charged to 
shorten the charge periods. 

5 

INDUSTRIAL APPLICABILITY 

As has been described, according to the invention, a battery section 
serving as a driving energy source of an electric device^ such as an electric 
bicycle, an electric wheelchair or the like c^n be made easy-to-handle and 

10 efficiently used all the time. 

In other words, detachment and carrying of the battery section by 
hand^ is made easier, the electric device is not necessarily moved to a place 
where it can be connected to the commercial power supply for charg^ 
special carrier device for transporting the battery section also becomes 

15 unnecessary. 

Further, it also becomes possible to perform operation of the electric 
device provided with plural sets of battery sections and charge of the battery 
sections concurrently, without requiring a special charging apparatus. 
Furthermore, the battery characteristics of the battery sections can be 

20 managed, and thus charge and discharge of the plural sets of battery sections 
can also be selected freely in accordance with respective battery 
characteristics. Therefore, different types of storage battery packs become 
usable in combination. 

It is also possible to prevent a so-called memory effect when a 

25 secondary battery (storage battery) such as a Ni-Cd battery in which the 
memory effect occurs is used as the battery section of the electric device, and 
further to eliminate the need for the refresh. This can prolong the battery 
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life. 

Further, a charging apparatus can be placed at a battery station to 
facilitate charge, and the charge and discharge states can be recognized with a 
high accuracy even if the battery section is detached from the electric device, 
which enables an optimal charge control all the time. 

Moreover, it is also pdssible to recover the regenerative electric power 
from the load side of an electric motor or the like to the battery section 
efficiently and to use it effectively. 
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